Background: Hepatitis C virus (HCV) causes one of the major chronic liver diseases (CLD). Hepatitis C virus-core encoding sequence possesses an overlapping open reading frame (ORF) that expresses a protein called F or core+1. Objectives: The current study aimed at assessing the presence and titer of anti-core+1 antibody (Ab) in 70 Iranian patients infected with HCV-1a, responder and non-responder groups, under combination therapy with pegylated interferon-α (PegIFN-α) plus ribavirin (RBV) using an enzyme-linked immunosorbent assay (ELISA). Methods: In the current cohort study, HCV-1a core+1 gene was amplified and cloned into vector followed by expressing in Escherichia coli and then, purified by ion exchange chromatography. The antibody titer of patients was evaluated before, during (12, 24, and 48 weeks), and 6 months after the end of therapy (ETR). Results: The seroprevalence of anti-core+1 Ab was 75.7% in pretreatment sera. The combination therapy could induce a decline in the level of anti-core+1 Ab in both groups of responders and non-responders. These changes were significant only in the responders (P = 0.003). The seroprevalence of anti-core+1 Ab had no correlation with the outcome of treatment. Conclusions: According to the current study results, HCV core+1 protein elicit a specific antibody response other than the anti-core protein antibodies. The current study data also suggested that the level of anti-core+1 antibody might be affected by the combination therapy and associated with sustained virological response (SVR). The data implied that the declining trend of anti-core+1 Abs during the treatment might be an alternative representation of the therapeutic response in Iranian population infected with HCV.
Background
Hepatitis C virus (HCV) is an enveloped RNA virus with a 9.6-kb genome classified in the genus Hepacivirus of the family Flaviviridae (1-3). Hepatitis C virus is one of the leading causes of persistent infection in humans that can predispose to liver fibrosis and cirrhosis. There are some reports indicating that chronic hepatitis C (CHC) infection is strongly associated with hepatocellular carcinoma (HCC) (3) (4) (5) (6) (7) (8) (9) . There is neither effective vaccine for immunization, nor a broadly effective treatment for HCV infection (3) .Among different factors associated with chronic HCV infection, alternate reading frame protein (ARFP) or core+1 protein is one the newest ones that can promote persistent infection (10) (11) (12) . This protein is produced by a frame shift at codon 11 by a minority of ribosomes that initiate translation at the HCV AUG initiator codon of HCV genome (13, 14) . Since this discovery, the specific functional and pathogenic roles of the core+1 protein still remain unclear (15) .
Similar to some other HCV proteins, the core+1 protein may disturb signal pathway of the host cells leading to cellular abnormality and pathology (15) . It is shown that core+1 protein interacts with p21, leading to inhibition of the cell cycle (16) . Cohen et al., (5) suggested no significant correlation between the presence of anti-core+1 antibody (Ab) and HCV viremia or antiviral therapy outcome, while Copyright Gao et al., (17) found a correlation between anti-core+1 Ab and the outcome of treatment in patients infected with HCV. Many studies suggested the critical role of core+1 protein in humoral response, HCV infection status (12, 18) as well as outcomes (11, 19) .
The detection of high levels of specific anti-core+1 antibodies in patients infected with HCV and HCC provides strong evidence that core+1 is produced during natural infection and may have a role in the progress to advanced stages of HCV liver disease (1, 12, 19, 20) . In the study by Park et al. (21) , it was shown that the expression of core+1 can lead to suppression of types I and III interferon (IFN) responses in hepatocytes, suggesting the important role of the core+1 in the modulation of host innate immunity by HCV.
Objectives
The current study aimed at characterizing the prevalence, titer dynamics of specific anti-core+1 Ab response, and its association with virological response in patients with CHC treated with combination therapy in both groups of responders and non-responders.
Methods

Ethics Statement
The study protocol was approved by the digestive disease research institute, institutional research board, and ethics committee (11 October, 2012 ; approval code: 416/501). The subjects provided informed consent for the use of their blood samples for research studies. The selection methodology is shown in Figure 1 .
Patients
In the current cohort study, 211 out-patients were visited in the clinic of a referral university hospital (Shariati Hospital, Tehran, Iran). The inclusion criteria were IFNnaïve patients with CHC and a negative antibody against HIV and HBV infections. None of the patients were at the cirrhosis stage, but histologically proven for chronic active hepatitis with positive results of polymerase chain reaction (PCR) for HCV RNA. Exclusion criteria were the liver disease of origin other than HCV infection and infection with another genotype of HCV (1b, 2a, 3a, 4). Finally, 70 adult patients with HCV genotype 1a infection were enrolled. The control group comprised of 30 adult Iranian healthy individuals (15 male, 15 female).
Recombinant core+1 Production, Purification, Western Blotting, and the Enzyme-Linked Immunosorbent Assay
The full-length of HCV-core 1a proteins was gifted by Dr. Jean-Pierre Lavergne from French national centre for scientific research, Paris, France (6) . HCV core-1a cDNA sequences obtained from a plasmid (kindly provided by Dr. M Baril, departement of biochemistry, university of Montreal, Canada; based on the protocol of Baril et al. 2005 ) was used as the template for the amplification of core+1 gene as described elsewhere (7) . Briefly, the cDNA fragment of the HCV core+1 protein coding sequence was achieved by +1/-1 frame-shifting artificially introduced at codon 31 of the core protein-coding sequence using the following designspecific primers:
Forward: 5-ATGAGCACGAATCCTAAACCTCAAAGAAAACC-3, Reverse: 5-TAGTTCACGCCGTCTTCCAGAACC-3). DNA fragments covering the complete core+1 sequence corresponding to amino acids 1 to 191 were amplified and cloned into the pET-28a (+) expression vector (Novagen, America) downstream of the 6-His tag and the constructed plasmid was verified using sequencing and restriction enzyme analysis. The construct was transformed into competent Escherichia coli and recombinant protein was expressed under the following conditions: the bacteria were cultured to reach an optical density (OD) of 0.6-0.8 at 600 nm (OD600) and were then induced with 1 mM/mL isopropyl-β-D-thiogalactopyranoside (IPTG) at 37°C for overnight. The cells were centrifuged at 12,000 rpm for 10 minutes at 4°C and were sonicated in lysis buffer (NaHPO4 100mM, NaCl 200 mM, Imidazole 5 mM, 1 mM PMSF with pH:8). Finally, the supernatant was evaluated for the presence of expressed protein by 15% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and also was loaded over a Ni-nitrilotriacetic acid-agarose column (Qiagen, USA).
Western Blot Analysis of Recombinant Antigen
Extracted HCV core+1 protein was obtained as described above and subjected to SDS-PAGE and then, electrotransferred to a polyvinylidene difluoride (PVDF) membrane (Millipore®). The PVDF membrane was incubated with 1X phosphate-buffered saline (PBS) and 0.5% skim milk overnight at 4°C and then, to determine the presence of core+1 Abs, the collected serum samples of subjects in both HCV core+1 positive/negative and control groups were used. After 2 hours, the paper was washed twice with PBS/Tween; then, the membranes were incubated with the peroxidase-conjugated secondary goat anti-human IgG (whole molecule)-peroxidase antibody (Sigma-Aldrich) for 2 hours. The membrane was subsequently washed twice 2
Jundishapur J Microbiol. 2018; 11(2):e58294. more and protein bands were detected by the color reaction between diaminobenzidine (DAB) and horseradish peroxidase (Sigma, Germany). To determine the likelihood of possible core+1Ag cross-reactivity with the HCV-core protein, the specific antigenicity of the core+1 protein was assessed by Western blotting using both positive and negative anti-core+1 antibody HCV infected patients.
Detection of Anti-Core+1 and Anti-Core Antibodies by ELISA and Reproducibility Assay
Microplates were separately coated overnight with different concentration of 0.5, 1, and 2 µg/well of core and core+1 Ags in bicarbonate buffer pH 9.6 at 4°C. Afterwards, the wells were washed with PBS/Tween 20X and blocked with 1% gelatin in PBS for 2 hours at 37°C. The coated wells were washed 3 times with PBS/Tween 20X and serum samples as primary antibodies were added in dilution of 1:100, 1:500, 1:1000, 1:2000, and 1:4000 in duplicate for 2 hours at 37°C. Finally, the wells were washed and incubated with anti-human IgG (whole molecule)-peroxidase (Sigma-Aldrich) for 1 hour at 37°C followed by incubation with 3,3',5,5'-tetramethylbenzidine (TMB) substrate (Sigma, UK) and the reaction was stopped by H2SO4 2N and the OD was measured at 450 nm.
To avoid any nonspecific reactions, different set ups of ELISA tests were conducted; for instance, in different setups, one of the parameters including core+1 Ag, core Ag, patients' sera as primary antibody and secondary antibody were deleted from the procedures. Moreover, different kinds of sera were incubated with each set of tests. All samples were tested in duplicates to determine the reproducibility of the developed ELISA. Fifteen positive samples and 25 negative samples were tested by 2 independent assays. The cut off value was calculated as the average OD of sera from the control group plus 3 standard deviations (SD) was determined as 0.93 ( Figure 2 ). The cut off value of the average OD of sera from the control group plus 3 standard deviations (SD) was determined 0.93.
HCV Genotyping and Quantitation of HCV-RNA
Genotyping of HCV was performed using commercially available INNO-LiPA HCV II kit (Innogenetics, Belgium). The test was carried out according to the manufacture's instruction. Viral RNA was extracted from 200 µL of serum using the Invisorb Spin Virus Mini Kit (Stratec Biomedical, Germany) according to the manufacturer's protocol. Pretreatment HCV RNA was quantified by PCR (Roche COBAS Amplicor HCV monitor version 2.0, Roche Diagnostics, Mannheim, Germany).
Statistical Analysis
All statistical analyses were performed using the SPSS version 15 (SPSS Inc, USA). Variables were checked for normality by the Shapiro-Wilk test. Descriptive analysis including frequencies and cross tabs and paired sample t test, independent samples t test, and general linear model test were performed. Continuous variables were expressed as mean ± SD and categorical data were compared using χ 2 test. Comparison of mean values between different groups was performed using the t test. A P value of less than 0.05 was considered statistically significant.
Results
The purified 24 kD core+1 and core Ags with the concentration of 1 µg/well were coated in ELISA plates. Moreover, the serum dilution of 1:500 was used as the primary set up to detect the individuals positive for anti-core+1 Abs. All the control groups were negative for anti-ARFP and anticore antibodies. Furthermore, the result of Western blotting showed that only anti-core+1 antibody positive, but not anti-core positive sera reacted with core+1 protein that confirmed the specificity of anti-core+1 antibody and excluded the likelihood of the possible cross-reactivity of core+1/core-proteins ( Figure 2) .
Consecutive blood samples were obtained from the patients at the time point of before, during (12, 24 , and 48 weeks), and 6 months after ETR. Responders were defined as patients with no detectable HCV RNA at the ETR and at least 6 months after ETR, while non-responders were defined as patients unclear for HCV RNA at the ETR. Seventy patients were included in the study. Among them, 34 patients (48.6%) did not respond to treatment (nonresponders) and 36 patients (51.4%) cleared viremia for at least 6 months after ETR (responders). The mean age of the male subjects was lower than that of the female ones. The clinical characteristics of the patients are summarized in Table 1 .
Prevalence of specific anti-core+1 Ab in responder and nonresponder patients
The anti-core+1 Ab against the HCV core+1 protein with the concentration of 1 µg/well was detectable in the sera of patients infected with HCV with the dilution of 1:500. Samples were considered positive if the OD was above 0.93. Out of 70 patients infected with HCV, 53 (75.7%) were positive for anti-core+1 protein Abs before treatment including 27 (75%) responders and 26 (76.5%) non-responders. Seventeen patients (24.3%) were negative for anti-core+1 Abs before treatment, from which 9 patients (25%) were finally diagnosed as responders and 8 patients (23.5%) as non-responders. All the individuals in the control group were negative for anti-core+1 Ab.
Dynamics of the anti-core+1 Abs level during antiviral treatment and the role of anti-core+1 Abs in the outcome of treatment
In order to investigate the effect of anti-core+1 Ab on the outcome of the treatment, patients infected with HCV Non-responder 2.5 × 10 6 ± 3.5 × 10 6
Patients without documented HCV load 10 patients were followed up for 48 weeks. Compared with the responders, the non-responder patients had a higher level of core+1 antibody titer against the core+1 protein in all of the research time point. As shown in Figure 3 , the dynamic of anti-core+1 recombinant protein antibodies decreased during antiviral therapy in both groups of responders and non-responders, which was statistically significant just in responders (P < 0.0001, the paired t test). No patients with positive anti-core+1 Ab before treatment cleared the Ab at the end of treatment (week 48). Responders were followedup for 6 months after termination of treatment and antibody titers were measured again at the week 72. Although the mean of the anticore+1 antibody of responders at the week 72 was significantly lower than that of the end of treatment, it was still detectable in 69.5% of responders.
Correlation between the anti-core+1 Abs and other clinical parameters
There was no difference in the baseline viral load between the 2 groups of patients and it was not associated with the success of treatment (P = 0.506, the independent t test). Males had a higher pre-treatment viral load compared with females (P = 0.019, the independent t test), but baseline viral load was not correlated with anti-core+1 Ab titer. In the responders group, all patients (100%) showed a virological response, manifested as a negative PCR for HCV RNA. Overall, evidence showed that combination therapy affected the titer of anti-core+1 antibody in patients infected with HCV and the decrease in the titer of anti-core+1 Abs was less in the non-responder compared with responder patients.
Discussion
Core+1 protein is an HCV gene product expressed by transcriptional slippage resulting in the production of dif-ferent ARFP isoforms with variable N-terminal regions (5, 14, (22) (23) (24) . Although the function of the core+1 protein is not fully understood, there is evidence showing that core+1 protein may play a role in the entry mechanisms, morphogenesis, and regulation of cellular function, which are important in the viral life cycle (5) . In the current study, the prevalence and titer of specific anti-core+1 Abs were determined in the serum of both responders and nonresponders. The specific detection of purified core+1 protein by anti-core+1 polyclonal Abs was evaluated by ELISA and no cross-reactivity of core protein was observed. Western blotting was performed to demonstrate the specific antigenicity of the HCV core+1 protein compared with the HCV core protein. No cross-reactivity of anti-core Ab was observed with anti-core+1 Abs, despite the fact that both proteins possess the N-terminal domain of the core protein.
The fact that the most important antigenic domain of the HCV-core protein is located in amino acids 11 -45 and the shared part of core+1 and core is the first 10 amino acids indicates the absence of cross-reactivity between the core and ARFP antigenic domains. The first 10 amino acids of the core+1 protein play a stabilizing role in the conformational structure of the core+1 protein, leading to better folding, rather than acting as an antigenic region (5) . Therefore, this homology does not interfere with the anti-core+1 positive response (5); besides, the authors' previous study showed no cross-reactivity between the Abs against core+1, truncated core+1, and core proteins (10) .
Previous reports indicated that the expression of core+1protein in patients infected with HCV was controversial (6) . Therefore, the presence and titer of anti-core+1 Abs in sequential samples of 70 Iranian individuals infected with HCV treated with combination therapy were traced. Among these, 53 (75.7%) patients reacted positively with HCV core+1 recombinant protein. The seroprevalence lev- The specific antigenicity of the HCV core+1protein was demonstrated by the Western blot using the appropriate enzyme. The analysis of the recombinant core+1 protein fused with His-tag that reacted with anti-core+1 antibody positive serum (a), but not with anti-core+1 antibody negative serum (b). The positions of molecular mass markers (in kD) are indicated to the left of the paper. The titer of anti-core+1 antibody decreased gradually in both groups, but the changes were significant only in responders (c). els of anti-core+1 Abs at baseline in responder and nonresponder groups was 75% and 76.5%, respectively. This result was different from the ones reported by other groups (13, 17) that used recombinant core+1 antigen in ELISA, but were nearly similar to some other studies (5, 7) .
In the current study, there was a significant change in the titer of anti-core+1 Abs during the combination therapy in responder patients compared to non-responder individuals, which was in accordance with some reports showing a link between the immune response to core+1 protein, manifested by the development of anti-core+1 Abs, and the outcome of combination therapy (5, 6, 11, 13, 17) . In detail, Gao et al. (17) reported that from 72 patients infected with HCV receiving antiviral therapy, all of the patients with negative anti-core+1 Ab at the baseline and 70% of anti-core+1 Ab positive patients achieved SVR. Moreover, they showed that the therapy outcome was associated with a decline in titer in 2 of 5 cases by investigating the timedependent changes in anti-core+1 Ab level. An earlier study from Iran also showed significant higher anti-core+1 antibody titer in patients resistant to HCV drug compared with patients showed SVR (11) .
The current study findings revealed that the immune response to core+1 antigen was affected by the combination therapy. On the other hand, Cohen et al. (5) , Bain et al., (6) and Karamitros et al., (13) in studies on of 27, 6, and 90 individuals infected with HCV respectively, found no changes in the titer of anti-core+1 Abs as well as no correlation between anti-core+1 Abs dynamics and the combination treatment outcome. It seems that the presence or absence of anti-core+1 antibody may not be a sensitive indicator for the prediction of the efficacy of combination therapy in patients infected with HCV, but the decreased titer of anti-core+1 Abs can be considered as an indicator to predict the outcome of therapy. Furthermore, it was found that the serum level of HCV core+1 antigen could not reflect the trend of HCV RNA level in patients with CHC undergoing combination therapy at baseline, that was compatible with some reports (13) , and contrasted with the other reports (5, 17) .
It could be due to the similar prevalence of anti-core+1 Abs in both responder and non-responder groups; therefore, it was thought that the higher viral load could not have a significant effect on the production of more core+1 protein in the ones that were positive for this antigen in both groups. Apart from methodology, parameters related to the selected study group such as race, HCV genotypes, and geographical regions as well as sample sizes might be the reasons that cause this difference. It seems that the mentioned factors might have some impacts on the HCV anti-core+1 Ab presence. Doing experiments on different groups infected with different genotypes might require a better understanding of how and why a patient generates different Ab responses against HCV core+1 protein.
To the authors best knowledge, the current study was the first study conducted to assess the effect of the titer of core+1 antibody on the outcome of treatment in the Iranian patients with CHC. The current study data were in agreement with some studies that showed the high F protein expression may be linked to the pathogenesis of the viral infection (1, 4) . Here, it was suggested that only the lower titer of anti-core+1 antibody responses might be influenced by IFN combination therapy and associated with SVR in Iranian patients with HCV infection. On the other hand, there was a correlation between the immune response to core+1 protein and the response to combination therapy in patients infected with HCV as the cases with lower anti-core+1 activity were more likely to achieve SVR than other patients who were also positive for anti-core+1 antibodies. Therefore, the level of specific antibodies to core+1 protein may be considered as an alternative assessment of the therapeutic response in patients infected with HCV that can predict the efficacy of IFN therapy only in patients that develop an antibody response against HCV core+1 protein.
There were some studies showing that core+1 protein was associated with the outcomes of HCV infections, as this protein can suppress T-cell immune responses (19) and IFN production (21); therefore, complement available antiviral therapies, by blocking the inhibitory signaling pathways and some viral proteins such as core+1, may provide a specific new target to treat and prevent HCV infections. Due to small sample size of the current study, relevant studies are needed to determine whether the immune response of patients with CHC have a potential clinical value for diagnostic tests.
Conclusion
In conclusion, the current study showed that core+1 protein expressed during natural HCV infection and specific Ab could be detectable in most individuals chronically infected with HCV in both groups of responders and non-responders. Apparently, the titer of anti-core+1 Abs is related to response to treatment. Therefore, employment of this indicator can be useful to assess the therapeutic response in patients infected with HCV. In the context of HCV treatment, interventions to improve or modify treatment plan to enhance the outcome (here: SVR) with modification of dose and treatment duration of pegylated interferon-α (PegIFN-α) and ribavirin, or in combination with other new medicines to ensure that treatment will be successful, are suggested. The active or passive role of core+1 protein in the HCV life cycle and the significance of the effect of anti-core+1 Abs in the outcome of therapy still need to be elucidated.
